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Please provide all working papers relied on or used by Mr. Lounsberry in preparing ICC Staff 
Exhibit 2.00 and all attachments there to. 
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Attached is a copy of Mr. Lounsberry's notes from the June 11, 2002 meeting at IP's 
headquarters, a copy of the Incident Report regarding the December 16, 2000 event at the 
Hillsboro Storage field, and photocopies of the relevant pages from the publications that blr. 
Lounsberry cited in his direct testimony. The remaining workpapers are Illinois Power 
Company's responses to Staff data requests in this proceeding and in Docket No. 00-0714. 

Other materials that Mr. Lounsberry has reviewed and conferences/seminars he has attended 
during his employment at the Commission that have provided him with information about the 
gas industry include the following: 

Periodicals 

Utillty Safety 
Underground Focus 
Pipeline and Gas Journal 
Gas Utility Manager 
Hart Energy Market 
American Gas 
Public Utility Fortnightly 

Other publications 

lnsideFERC 
Natural Gas lntelligence - Weekly Gas Price index 
Foster Natural Gas Report 
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Books 
.~ 

Gas Engineers Handbook 
AGA - Gas Engineering and Operating Practices Series - S-I Underground Storage 
AGS - Gas Engineering and Operating Practices Series - T-I PipelinesPlanning and 

Oil and Gas Pipeline Fundamentals by John Kennedy 
Natural Gas Underground Storage: lnventory and Deliverability by M. Rasin Tek 
Natural Gas Purchasing Handbook by  John M.  Studebaker 
Natural Gas in Nontechnical Language - institute of Gas Technology by Rebecca Busby 

ConferencesLSeminars 

Economics 

NARUC Natural Gas Conference (February 1994) 
American Gas Associated Operations Conference (May 2002) 
Midwest Energy Association Distribution Roundtable (April 2001) 
Midwest Energy Association Measurement and Controls Roundtable (April 2001) 
LDC Forum-Gas Storage Strategies 8, Market Center Hubs (September 1996) 
Energy Seminars lnc. - Natural Gas I01 (November 1997) 
Energy Seminars lnc. - Gas Cost & Storage incentive Mechanisms for LDCs (October 1994) 
American Meter School - (Spring 1998) 
World Energy Forum (May 2000) 
Numerous seminars sponsored by the lnstitute for Regulatory Policy Studies 

Mr. Lounsberry has also attended numerous Commission gas  policy meetings that have 
discussed a varlety of gas industry topics. 
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4 Chapter 1 

age reservoirs directly affect verification of inventory and assur- 
ance of deliverability. That is why the inventory audits represent 
an indispensible component of any storage operation. 

Evaluation of the performance of underground storage reservoirs 
involves recognition of three basic requirements called performance 
attributes.' These are: 

verification of inventory, 
assurance of deliverability, 
containment against migration 

The inventory represents the gas residing in the storage hori- 
zon. It is made up of two parts: 

9 base gas (or cushion gas) 
top gas (or working gas) 

The base gas, part of which is physically or economically unrecov- 
erable, remains in the storage horizon to provide the pressure en- 
ergy necessary for withdrawal of top gas. The top gas, which is 
withdrawn and sold to markets during winter is replenished 
through injection every summer. 

The deliverability, measured in terms of millions of standard 
cubic feet per day, is a storage attribute which relates to the abil- 
ity of the storage field to deliver the gas to its dedicated market. It 
critically depends on the equalized pressure prevailing underground. 
Since the pressure is a function of the amount of gas in the storage 
container, it simply follows that deliverability is a function of in- 
ventory. If the container does not hold the gas, it becomes subject 
to the attrition of its inventory through the migration of gas. 

Contained in the environment of the storage reservoir under 
positive pressure, and, lighter than other fluids sharing the pore 
space, the storage gas tends to migrate. Many factors can contribute 
to movement of gas away from the storage horizon. The pressure 
gradients, permeability of rock, integrity of caprock, geometry, 
fractures, faults, geological features, operating conditions, and 
equipment limits are among the many such factors. 

For the purpose of this introduction, it should suffice to rec- 
ognize and discern two kinds of storage losses: 

major losses across reservoir limits, 
minor losses sometimes called seepnge losses 
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Introduction 5 

Seepage losses are sometimes too small to detect on annual or 

volumetric method through shut-in pressure surveys, 
use of reservoir inventory-pressure data, 
graphical analysis of pressure-content plots. 

1. The ooiumetric rnefhod involves integrating pressures over 
gas-tilled pore volumes using estimates or calculations of 
expansion factors, sub-surface geometry, porosity, pressure 
transient analysis, and geostatistics. They provide calcula- 
tion oi gas-in-place which is compared to the book inven- 
tory to provide a cumulative loss or ineffective gas figure 

the inventory from stabilized pseudo-pressures before and 
after injection/withdrawal seasons and the measured gas 
quantities. The industrv standards call for the use of A Q  
equation and modified-AQ equation developed by this au- 
thor respectiveiy for constant volume reservoirs and those 
subject to partiai or full water drive conditions. Quite of- 
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state, water drive calculations become necessary for reli- 
able determination of inventory. 
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Background 

The background in underground storage of natural gas in the 
U.S. as of 1994 include some 3.1 trillion standard cubic feet of work- 
ing gas in storage, capable of delivery on demand from practically 
every region in the country Of this total amount, 568.3 BCF has 
recently been reported to reside in the Western Region' (The states 
ranging from Minnesota, Colorado, and .Arizona to the Pacific 
Ocean). A major portion, about 1.8 TCF is located in the Eastern 
Region (The states which extend from the Midwest to Atlantic 
Ocean). The third and remaining working storage capacity, about 
711 BCF resides in the Producng Region which includes the Gulf 
and central states of Texas, New Mexico, Okiahoma, Kansas, 
Arkansas, Mississippi, Louisiana. The base or cushion sas in stor- 
age which supports the 3 TCF plus nominal working inventory is 
in the range of about 4 TCF. 

Among the states with large storage resources, Michigan ranks 
first with 359.5 BCF. Cjlifornia is the largest in the Western Region 
with 212.3 BCF. In the Eastern Region, Pennsylvania ranks next to 
Michigan with 386.4 BCF. The Table 1-1 summarizes data on un- 
derground storage capacities bv states from a recentlv compiled. 
and published table bv :he Oil m d  Zds journai.' 

Before Order &producers had little. if any, incentwe for un- 
derground storage. Since Nov. 1 1993 when Order 536 iormaiiv rec- 
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Table 1-1 Unaerc 
:Standarc B( 

statu Base Gas 

Alabama 
Arkansas 
Colibrnio 
Colorado 
Illinois 
Indiana 
l w a  
Kansas 
Kantucky 
Louisiana 
Maryland 
Michigan 
Minnesota 
Missouri 
Mississippi 
Montana 
Nebraska 
New Mexico 
New Yak  
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Texas 
Utah 
Washington 
West Virginia 
Wyoming 

2.6 
21.5 

246.2 
46.1 

1 12.6 
204.2 
240.2 
105.3 
265.2 

46.6 
41 1.5 

4.6 
21.6 
73.2 

167.3 
50.0 

3.7 
BO.1 

334.2 
172.9 

4.9 
355.1 
231.6 
04.1 
i 6.8 

294.9 
00.7 

584.5 

U.S. 'L211.3 

3ource: Cumrnarizm irom Table 
publishing] 



PART TWO 

DELIVE RAB I LlTY 
". . . Deliverability is always there until 

when you need it."- 
Bill OFarrel, Manager Gas Control, ret., Questa 

Pipeline Co. Salt Lake City, Utah 

Assurance of Deliverability-Introduction 

Deliverability is a measure of the rate at which the storage gas 
can be sent to its market. It is also the rate at which the pipeline 
gas can be injected into the storage field. 

Deliverability involves steady and unsteady-state flow into 
11ic wellbores, through the production strings and through the sur- 
l . 1 ~ ~  gathering system. While inventory is like money in the bank, 
ildiverability is analogous to cash flow in deposits and withdrawals. 

Deliverability is related to inventory in general and to the ex- 
hwt of cushion gas in particular, simply because it is a function of 
I tic uressure level in the reservoir. 

In storage operations, the ability to deliver the gas to the mar- 
i t b ~  is usually far in excess of market demand during early season. 
During late winter, on the other hand, inventories become depleted 
i i i r d  the deliverability begins to drop. This, unfortunately happens 
',I $1 time when the demand for gas increases, but there are several 
Rtriitcgies designed to meet these difficulties. Use of other resources 
IIIJCII as LNG, close spacing with areas of high well density, certain 
wil!idrawal strategies, line packing, gas swaps and storage with- 
Ir,irval from salt cavities are typical alternatives. 

The calculations developed for predicting the deliverability 
h ~ i n  storaEe involve both flow through the drainage matrix around 
I I V  wcllb&s and flow through production strings and surface 
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Location: Illinois Power Company 
Hillsboro Storage Field 
Irving, Illinois 

Date of Incident: December 16,2000 

Date of Inspection: December 18, 19, & 20, 

Purpose: Incident Investigation at 
Rural Route 1, Box 60 
Irving, Illinois 6205 1 

Person(s) Contacted: Bob Barcum, Manager Gas Storage Operations 
Don Johnson, Manager Gas Quality Program 
Bill McKinney, Senior Director Gas Supply 
Ken Thacker, Plant Forman 
Dennis Jagodzinski, Gas Journeyman 

Kevin Reinert, Claims Representative 
Russell Ogle, Vice President, Chemical Engineering (Packer Engineering) 

Charles Gribbins, Pipeline Safety Analyst JIJ 

~~~ ~ ~~ Dennis Spencer, Claims Representative 

Conducted by: 

Statement of Activities 

Svnousis 

On December 16,2000, while manually operating the dump valve on a water separator at 
the Hillsboro Storage Field Plant Facility, natural gas under 1,190 psig of pressure, entered a 
50,000 gallon water storage tank with a roof, causing the base of the tank to fail and launching 
the tank 275' feet. The tank landed on top of the regulator station building located inside the 
plant, causing major damage to the station. It also caused major damage to the cable control 
systems, and dehydration towers. No injuries or fatalities were reported. The incident resulted in 
approximately $1,000,000 in damages. 

Facilities Involved in the Incident 

Separators: 

As the gas leaves the plant, it flows through separators to remove moisture. The gas 
passes through a series of baffles inside the separator housing, causing moisture in the gas to 
drop out. The water drops collect in the bottom of the separator. When the water reaches a set 



level, a float mechanism inside the separator activates a switch, which in turn energizes the 
controller for the dump valve. Gas at a pressure of 1,190 psig, forces the water out of the bottom 
of the separator tank and into the water-holding tank. There are thirteen other smaller separators 
that dump water from well sites into the same holding tank. The thirteen well site separators 
dump at pressures of only 100# p.s.i. 

Water holding tank: 

The water holding tank has a 50,000gallon storage capacity. The tank has a 24" vent in 
the roof with a flapper type lid, which is used for pressure relief. The holding tank also has a 6" 
vent line with a screen over the outside opening, and a 3" overflow line on the side of the tank. 
The holding tank was not designed as a pressure vessel and according to Packer Engineering 
Studies, it was only designed to handle no more than 5 psi of pressure before failing. The tank 
was also designed with a heating coil to prevent the stored water from freezing. Post accident 
inspection of the heating coil found no indications that it was not functioning properly at the time 
incident. 

Incident 

Normally the storage field & plant is not manned at night, however, due to the extreme 
weather conditions on December 16,2000, two plant personnel were working to continuously 
monitor plant withdraw operations. The temperature was 4 degrees above 0, the wind was 
blowing out of the northwest at about 19 miles per hour, gusting to 28 m/h, and only hours earlier 
there had been a freezing rain. 

At approximately 9:OO p.m., one of the employees left and went home, leaving the plant 
foreman at the plant alone. Around 11 p.m., whle  conducting a routine inspection, the foreman 
observed that the re-boiler was out. He re-lit the re-boiler and then observed a high water level in 
the site-glass on one of the two water separators. He turned up the sensing control switch on the 
automatic controller to energize the water dump valve. The dumping process uses natural gas 
under a pressure of 1 190 psig to force water from the bottom of the separator to a holding tank 
located outside the fenced in area of the plant. The foreman stated that approximately 10 seconds 
after turning up the sensor control switch he heard an explosion noise over near the regulator 
station building. He immediately activated the plant's Emergency Shut Down System (ESD), 
which shut down the plant. He then ran to the maintenance office building, called the Decatur 
based Gas Pressure Control to inform them of the problem. He requested they contact the 
Manager of Storage Field Operations and to send help. According to Illinois Power's 
computerized storage field monitoring system, the ESD System was energized at approximately 
11:50pm. 

It was later learned that the 50,000 gallon water holding tank had launched from its 
location outside the plant fencing, traveled some 275 feet, and landed on the regulator station 
building destroying the structure. While the tank was in flight, it also took out the above ground 
cable run used for monitoring and controlling plant operations. 
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the relief capacity needed, and the ;'' vent line had a little more than half the relief capacity 
needed to maintain tank integrity. 

Conclusions 

Although it would be highly unusual, one scenario is that the freezing rain condition, 
strong winds and cold temperatures mentioned earlier, may have caused ice to form on the 
outside of the tank, preventing the flapper on the man way from functioning properly. In order to 
overpressure the tank, ice would also need to seal off most of the 6" vent line. The freezing rain 
that occurred the night of the incident was not considered significant. There were no downed 
power lines or power outages resulting from the freezing rain. 

The other scenario is that high-pressure gas had been bubbling up through the water in 
the tank for some time, a lot longer than the 10 seconds described by the foremen. The splashing 
water and foaming conditions may have caused ice to form on the cold metal walls of the inside 
of the tank blocking off the 6" vent line and sealing the flapper closed. 

In either scenario, high-pressure gas entering the tank, and the most likely source of that 
gas is from the separator, when the foreman manually operated the dump valve. 

~.  the^ Packer Engineering Report concluded.thar: The cold weather, accumulation o f  ice 
and high winds contributed to this event. The cold weather could cause the materials within the 
dump valve to resist movement. Therefore, the valve might not perform as quickly as designed 
during extreme conditions. The accumulation of ice and /or high wind likely restricted the 
opening of the man way vent, thereby depriving the tank of its designed pressure relief. 

Testing conducted on the dump valve several days after the incident found no problems 
with the response of the valve. 

The Packer Report went on to say that, their preliminary conclusion was that the 50,000 
gallon water tank failed because of the rapid build-up of high-pressure gas within the tank, and 
the probable cause of the failure was the manual operation of the separator dump valve by the 
plant Foreman during the extreme cold weather. 

Packer Engineering recommends that Illinois Power Company carefully examine the 
procedure for manually dumping the water-gas separator and consider modifying this procedure 
to prevent a recurrence of this incident. 

Packer Engineering offered the following recommendations to prevent a reoccurrence of 
this incident. 



Don't initiate manual dumping of separator during extreme weather conditions. 

Rapidly cycle manual dump valve open and closed during dumping of separators to 
minimize volume of gas that can enter tank. 

Staff Recommendations 

The probable cause of this incident was the manual operations of the dump valve 
controls. The sensing controls should be set at the proper water level depths and should not be 
tampered with. If it is clear that it has malfunctioned by the excessive water build-up in the 
bottom of the separator, the separator unit should be shut down and examined to determine the 
cause of the malfunction. Manual dumping should be limited to only extreme cases of controller 
failure, and should be rapidly cycled under close observation as recommended by Packer. 
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